Growth simulators (GS) or mathematical models focusing on forest stand development can be used as an important instrument of decision making when collecting data for forest management. Currently, the main source of information for the forest owner or the forest manager is Forest Management Plans (FMP). The problem is that FMPs are static works, created for 10 years, which do not directly deal with the modelling of mensurational variables. Therefore the informative value of FMP for the owner is rather limited. FMP offer very exact information in the first year of their validity, but they do not enable to determine the development and behaviour of mensurational variables during the whole period while the plan is still valid, and thus give a more accurate information base for successful forest management. This problem could be solved by mathematical modelling of development of mensurational variables, or rather complicated growth simulators, which would supply the above-mentioned information. These problems are not new, KNEIfl (2000) and SIMON (2001) mentioned them in their works.
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Based on the known and given behaviour regularities of the individual growth processes, simulation models enable to foresee the condition in which the given forest stand will be with certain probability under the conditions of quantitatively chosen factors.
Many Czech authors were dealing with mathematical modelling and its possible utilisation in their works. To name the most important: POLÁK (1972), SIMON et al. (1996) and ZACH (2001) . On the international level, the following authors focused on forming the growth simulators -PRETZSCH and KAHN (1998), NAGEL (1975), and STERBA and MONSERUD (1995) . As PRETZSCH et al. (2002) presents, it is difficult to use foreign models because of different environment and that is why such models do not give realistic results. The main problem of creating a GS that would be possible to use for simulation of greater territory units, is the need for enormous database and validation, which demands extensive measuring. This is, of course, very demanding and becomes an obstacle when constructing the GS. However, it is possible to use quite simple mathematical models that can be created while processing the FMP. On the one hand, their utilisation restricted is to the given property, but they give valuable information for the management and also for the processing of FMP.
For the mathematical modelling of development of mensurational variables it is necessary to create mock time series from non-mixed forest stands of the same age on the given estate. According to ZACH (2001) the mock time series are defined as an entity of stands: -in the same or related habitat, -of various age classes, -planted in the same way, -of the same origin, -and of the same tending.
One of the hybrid models, SILVA 2.2, product of a team of researchers headed by Prof. H. Pretzsch from the Munich Technical University (for more detailed information see PRETZSCH 2002), makes it possible to forecast the growth of pure and mixed stands of all age classes. The identification parameters of forest stands, stand variables and forest stand treatment basis are used as the starting and controlling quantities. The starting quantities are information about the tree proportions and tree heights -that is variables d 1.3 , h, crown setting height and variables delta x and y which describe the position of the trees. These quantities are gathered by measuring. The controlling quantities are the individual stand parameters. These include nutrient supply, Nox and Cox content in the air, length of vegetation period, annual amplitude, average temperature, aridity index, total precipitation of vegetation period and soil moisture. The forest stand treatment basis is the assessment of tending felling.
Before the prognosis, the program SILVA 2.2 must calculate capacity model of the stand, which is the controlling model for the development of individual tree proportions through the factors of the stands. In this model, most of the growth functions for the given stand conditions provided by the GS SILVA 2.2 will be set.
The prognosis itself consists of four steps, repetitious in five-year cycles. -In the first step, a three-dimensional model of the stand is created and three-dimensional growth constellations for each of the trees are established via the competition index. Spatial stand model is determined by the position of the individual trees and their proportion quantities. Three-dimensional growth constellation is a determination of proximity relationships for each of the trees in the stand. These are expressed by the competition index, describing the social position of individual trees in relation to those adjoining. -In the second step, each tree is examined to determine whether it will remain in the forest stand or not. -In the third step, proportion changes of all stand components will be determined via the competition index. -The fourth step is important because of the availing mortality model demonstrating which of the trees will not survive the five-year period, based on the competition effects. Mortality model consists of a logistic regression specifying the probable outlasting of the trees at the beginning of the period, and of a threshold prognosis model which removes those trees exceeding the competition index. The program SILVA 2.2 makes it possible to choose various combinations of interference when simulating the tending felling, ranging from classical to special silvicultural programs designed directly by the owner. The algorithms of the thinning are controlled by the SILVA 2.2 according to the following three criteria: 1. The first criterion is the time sequence of the sampling or of the upper stand height at which the felling is to be done. 2. As criterion No. 2 is regarded the thinning, enabling combinations of more styles during the stand evolution. SILVA 2.2 distinguishes between four basic groups: sampling according to the tree classes, sampling according to the target diameter, sampling according to the selected or prospective trees and sampling according to the average classes. For the research, two groups could be regarded as suitable: sampling according to the tree classes and sampling according to the target diameter. When sampling according to the tree classes, GS SILVA 2.2 takes into account individual proportions of the trees and the competition indices. When sampling according to the target diameter, it is the set value of the diameter. 3. The third criterion is intensity. At the level of the forest stand, the intensity is based on the default curves of the number of trees or of the fundamental area. At the level of the individual trees, it is based on the set degree of the release of selected or prospective trees. It is also possible to combine these with setting the maximum height of felling at one particular event.
At the moment the calibration to growth conditions in the Czech Republic is carried out. One of the institutions dealing with growth simulators is the Faculty of Forest Management at Mendel University of Agriculture and Forestry in Brno, where the simulations for this work were elaborated. Even though the calibration to the stands conditions is more or less finished (SIMON 2003) , the results can be regarded as only theoretical for the time being.
Timber and methodology
Research was conducted at the estate of Kroměříž Municipal Forests, cadastral area Racková. The estate is situated in Natural Forest Area 41 Hostýnsko-Vsetín-ské vrchy and Javorníky, between the towns of Zlín and Holešov. The area of the forests is 642 ha. The estate was selected because of its typology and stand homogeneity. More than 95% of the whole surveyed estate falls within target forest management No. 45 -beech/spruce, fertile site of medium location.
In mock time series for the given forest stand, the following static units of quantities were measured for the individual age classes: diameter (d 1.3 ), height (h) and crown parameters (height of the crown setting, its length and breadth). Measurements were conducted on the two most frequent species, the spruce (Picea abies) and the beech (Fagus sylvatica). Because of the paper's limitations, only the results about spruce will be discussed. At each age class, 100 specimens were measured and the values of about 900 trees in total were used for subsequent calculations. For determining the number of trunks per ha (N), sample plots of 20 × 20 cm (or 10 ×10 cm for the immature forest stands) were used.
Statistical data were processed by the Adstat and Excel programs, basic statistical characteristics were calculated and tested for the congruence of the theoretical normal distribution with the distribution of the tested unit, specifically the selective skewness and acuteness. Autocorrelation test was conducted according to 'von Neuman Ratio' (MELOUN, MILITKÝ 1994) . At all the age classes, normality and independence were proved for the quantities d 1.3 as well as h of the spruce. Next steps of the calculation were dealing with the modelling of the given mensurational characteristics (diameter, height and stock).
The growth and increment models of d 1.3 , h and stock were calculated according the Korf function (ZACH 2001) . The equation is:
The real stock was calculated for a given age class by the method of volume tables and recalculated for the area of 1 ha. For the production analysis it was necessary to convert the real stock into potential stock with full density. Growth and Mensurational Tables of the main species in the CR were regarded as the standards (ČERNÝ et al. 1996) . Applicability of the growth tables was tested by one-selection T-test for the congruence between the measured and table quantity values of the d 1.3 mean (DRÁPELA, ZACH 2002) .
Input data for GS SILVA 2.2 are the stand conditions, obtained from the climatic station Holešov, and proportions and distribution of the trees, obtained by special measurements. Suitable forest stands were selected from the given pseudo-time series that best meet the requirements of minimal species distribution. For the given forest stand, an area of 0.5 ha was marked out and all the specimens were located there by the Delta x-and yco-ordinates, thus determining the exact positions of all the individual specimens in the forest stand. For each tree, d 1.3 , h and the crown setting are measured and these data are then processed by the GS SILVA 2.2, including the simulation of tending fellings. Eventual data obtained by measuring and those calculated by the model are described in Table 1 . Growth function (GF), average increment (AI) and current increment (CI) curves are represented in Figs. 1 and 2 . Correlation indices were tested by the tests of significance with the reliability level of alpha at 0.05; and the significance was proved to be valid. High values of these indices define the relation as close.
RESULTS

The
The results of one-selection T-tests for the congruence of the mean when modelling the stock prove that divergences between the measured quantities and values from the growth tables (Table 2a) are minimal. Growth tables were therefore advantageously used for assessing the potential stock. Another suitable stock development model was also the Korf function, whose coefficients are as follows: (Table 2b) classifies this stand as a stand with high production, which proves the hypothesis that the management set of stands No. 45 is one of the optimal sets for the spruce (PRŮŠA 2001).
For models of the tending felling, growth simulator as well as three basic types of tending felling are used, which corresponds to the works of BOGACHEV (1990) , COURBAUD (2000) and NIEMISTO (1989) . When choosing the thinning methods, the real age of forest stand, its condition and recommendations of the management instructions for the given estate were taken into account. The following methods of tending fellings were selected for the estate, by virtue of the management instructions within SILVA 2.2: a) crown thinning is a negative selection placed at the main level, where the decisive criterion is non-figurability of the stem. Two tending fellings in 20-year spans with the maximum value of 100m 3 /ha per felling were set; b) selection thinning (Schädelin's) is a positive selection designed for all the five tree classes. When selecting trees for felling, it is necessary to bear in mind the quality of the tree, materiality, social position, distribution of the trees on the plot and stability. Two extensive tending fellings with the maximum value of 100 m 3 /ha per felling were set in this case as well; c) target diameter method is adjusted for the trees selected for felling at the d 1.3 value of 45 cm and four fellings in 10-year spans with the maximum of 100 m 3 /ha. The owner's intention to assess individual types of thinning was chosen in agreement with the management instructions. As WOLF stated (1998), production criterion (stock at the exploitable age and total volume increment) and production safeguarding criterion (defined by the slenderness coefficient h/d 1.3 ) were monitored. The simulation results -as described in Table 3 and Figs. 6 to 5 -make it clear that the method of target diameters is better from the production aspect. The disadvantage of this method is the lowering of slenderness coefficient and irregular tree distribution in the area (Figs. 6-9 ). The best alternative for tending the estate is selection thinning, which ensures the slenderness coefficient value at 80 while losing only 8% of the total volume increment. Crown thinning results prove the hypothesis that this type of thinning can lower the stability and balance and thus become the least suitable alternative in subsequent years.
It is important for the owner that the examined spruce stands are the ones with very high timber production for which the management instructions recommend to switch the tending from stability to quality. It is obvious from the simulation results that the best tending alternative for the given estate is the selection thinning which renders the timber at 660 m 3 /ha while achieving the best value of slenderness coefficient.
DISCUSSION AND CONCLUSIONS
The use of growth simulators and mathematical modelling for development of mensurational variables should be integrated into the forest management planning. The use PRETZSCH et al. 2002; ZACH 2001) , which is very time-consuming and with the present methodology of FMP processing impossible. Another limiting criterion for creating the models of development of mensurational variables is certainly also the size of the estate (KNEIfl 2000) -not only the area, but also the representation of the age classes in particular. This is important when creating the quasi-time series and with not as large estates: there might be a danger that some age classes could be missing and would have to be substituted. The great contribution for forest management planning is the substitution of growth simulators for growth tables in mixed forest stands with various age classes, where the growth tables currently use methods not suitable for the given forest stands (ĎURSKÝ 2003) and might not be the optimal criterion for the given forest stand. When compared with the growth tables for spruce monocultures, no significant divergences were discovered. With the beech, where all series of forest stands were more mixed, the divergences were noticeable.
The use of GS SILVA 2.2 when processing the FMP is at the moment facing one great obstacle, and that is the contemporary methodology of FMP, specifically the determination of the mensurational characteristics for the given forest stand groups (ZEZULA 2003) . This fact does not allow the GS to become a substitute for the prevailing way of processing the FMP because this method is very timeconsuming. But due to the generators of the initial situation it is possible to use GS SILVA 2.2 for making the FMP more accurate even from the current data (composition, mid-diameter, mid-height, stock density, number of stems and mix description) obtained from the FMP (ĎURSKÝ 2003) . The growth simulator SILVA 2.2 is also a suitable instrument for planning the tending fellings.
The need and effort of people to know the behaviour of the system in future opens the door for such programs as SILVA 2.2 and with the present development of information technologies it is possible to expect further and further significant progress.
